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ABSTRACT 
 
This study sought to examine the effects of the food restriction performed in different stages of 
pregnancy on maternal leptin plasma concentrations and on the productive performance of both the 
rabbit does and their litters. A total of 40 primiparous non lactating New White Zealand females were 
randomly assigned into four groups according to their nutritional treatments during the pregnancy. 
Control group (C) was provided with 130 g/d of commercial food. The other three groups were fed 
with a restricted amount of food (30% restriction, 90 g/d) from day 0 to 10 day (R1), from day 9 to 18 
(R2) and from day 19 to 28 of pregnancy (R3). At the end of the restriction period, the does returned 
to standard ration. Productive performance of R1 and control groups were comparable. The rabbits of 
R1 group showed a rapid increase in weight after the re-feeding and the lower values of leptin 
(P<0.001). This compensatory growth was not evident in other experimental groups. R2 recorded 
lower litter weight at weaning (P<0.05) and higher pre-weaning mortality than control group (26.98 
vs. 16.85 %). R3 showed lower litter size (P<0.01), born alive (P<0.01), weight at kindling (P<0.05), 
litter weight at weaning (P<0.05) and higher perinatal (16.13 vs. 7.94%) and pre-weaning mortality 
(26.67 vs. 16.85 %) compared to control group. Milk production of the R3 was lower than in control 
(P<0.05). The effects of restricted feeding on pregnancy depend on the stage of privation during the 
pregnancy period: while a food restriction in early pregnancy did not seem to determine significant 
differences in productivity, a restriction in the last third of pregnancy, a critical period for energy 
homeostasis, resulted in the reduction of performance and impaired milk production. Food restriction 
reduced plasma leptin concentrations, in particular during the first period of pregnancy. However, the 
trend of leptin in pregnancy period and its relationship with body weight and fat reserves requires 
further study. 
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INTRODUCTION 
 
Nutritional disorders are known to reduce reproductive and productive performance (Rommers et al., 
2004a; Brecchia et al., 2006). Diets with inadequate energy contents can induce both an excessive 
fatness and malnutrition of the does with subsequent reduction of the number and growth of newborns 
(Fortun-Lamothe and Lebas, 2006; Matsuoka et al., 2006). A wide range of evidence indicates that the 
nutritional and hormonal environment during pregnancy influences not only fetal growth but also 
postnatal development (Godfrey and Barker, 2001). Indeed, the energy homeostasis appears even 
more complicated during pregnancy, when adaptive metabolic processes intervene and result in an 
increase of available energy either to supply the fetal growth or to increase fat storage utilized to 
support the future lactation. In commercial rabbit farm, the body condition and the energy balance of 
female are particularly critical because the does are generally inseminated during lactation and this 
could affect does and kits performance (Fernández-Carmona et al., 2000). It is important to find 
specific feeding plans to stimulate voluntary food intake during the late gestational period in the does 
which may be a feasible approach towards reduction of the energy deficit and improvement of 
performance (Castellini et al., 2010). Several studies demonstrated that, after a restricted feeding, the 
appetite of rabbits improves and a sharp increase for voluntary feed intake occurs (Rommers et al., 
1999). Moreover the rabbit can be used as an experimental model to elucidate the effects of anorexia 
during pregnancy on embryo-fetal development (Matsuoka et al., 2006). A key hormone in energy 
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homeostasis is leptin. Leptin is produced by adipose tissue and its blood levels are correlated with 
body reserves and the availability of nutrients (Ahima and Flier, 2000). Moreover, it is involved in the 
regulation of body weight either suppressing appetite or increasing metabolic rate (Friedman and 
Halaas, 1998). Leptin levels during pregnancy could affect placental and fetal development (Saylan et 
al., 2011) but leptin biology varies markedly by species and its role is unclear (Ladyman et al. 2008). 
The aim of the present study was to examine whether food restriction during different periods of 
gestation alters body conditions and leptin concentrations in the mothers and the productive 
performance of their offspring. 
 
 
MATERIALS AND METHODS 
 
The trial was carried out at the experimental rabbit farm of the Department of Botany and Agri-
environmental Biotechnology and Animal Science of the University of Perugia. The animals were 
housed individually in flat deck cages, the temperature ranged from +15 to +28 °C and the light 
schedule was of 16 L:8D. A total of 40 primiparous non lactating does (New White Zealand) of 6 
months of age were induced to ovulate by injection of 10 µg of synthetic GnRH (Buserelin 0.8 µg) and 
then artificially inseminated according to the indications of Castellini and Lattaioli (1999).  
 
The does were randomly assigned into four groups (10 does/group) according to their nutritional 
treatments. Control group (C) was fed with the standard ration of commercial food (130 g/d) from the 
day of IA until parturition. The other three groups were fed with a restricted amount of food (30% 
restriction, 90 g/d) based on the amounts recommended by Maertens (1993), from day 0 to 10 (R1), 
from day 9 to 18 (R2) and from day 19 to 28 of pregnancy (R3). At the end of the restriction period 
the does returned to standard ration.  
 
Housing and experimental procedures were carried out according to recommendations of the IRRG 
(2005). At IA and on days 4, 8, 10, 14, 18, 22, and 26 of pregnancy, the does were subjected to: 
assessment of body weight (by electronic scale model Isolad - Vignoli - Forli, Italy); ultrasound 
scanning (ALOKA model SSD-500) of the perirenal regions to determine fat thickness and to estimate 
fat weight as described by Dal Bosco et al. (2003); body condition score (BCS), as described by 
Bonanno et al. (2005); blood sampling for leptin determinations as reported in a previous paper 
(Brecchia et al., 2008). Leptin were determined by RIA, as reported elsewhere (Rommers et al., 
2004a). Twenty-four hours after birth, the number of suckling kits was adjusted to 7-10 per litter, and 
the pups were weaned at 26 d. Productive performance of the does (prolificacy, born alive and litter 
weight at kindling) and the litters (perinatal and pre-weaning mortality, litter size and weight at 
weaning) were assessed. Milk production was measured from day of parturition until to day 18 of 
lactation, by weighting the doe immediately before and after suckling. Data were scored and 
statistically analyzed by analysis of variance, two-tailed unpaired t test and a Chi-square test to assess 
the differences among proportions. 
 
 
RESULTS AND DISCUSSION 
 
As results from the trend of does body weight and perirenal fat weight of all groups (Figures 1 and 2), 
energy critical periods during gestation seem to be around day 10 and day 22, when occurs a rapid increase 
in energy requirements for the development of the gravid uterus (Fortun-Lamothe, 2006). The rabbits 
subjected to restriction during the first third of pregnancy showed a rapid increase in weight after the re-
feeding with standard ration. This compensatory growth is not evident in other experimental groups, 
probably because the re-feeding corresponds to periods of pregnancy characterized by increased energy 
demands. The feed restriction in a stage of pregnancy where the energy requirements for the fetal growth 
are modest and the energy balance of the does is positive (Parigi-Bini et al., 1990), could induce a 
subsequent compensatory increase in weight that allows rabbits to recover the lost weight. The data are in 
agreement with those reported by other Authors in non-pregnant female rabbits and re-fed ad libitum 
(Rommers et al., 2004b). Then, in addition to increasing the capacity of intake recommended for animals 
fed ad libitum, other physiological mechanisms may also intervene, determining the compensatory increase 
in weight. By analyzing the correlation between the various methods used for assessing body state, we can 
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confirm the lack of relationship between weight and BCS reported by other Authors (Dal Bosco et al., 
2003; Cardinali et al., 2008).  
    
Figure 1: Body weight changes during pregnancy 
and on post partum day (pp) 
 
 Figure 2: Perirenal fat weight changes during 
pregnancy  
 
In a previous study we found that food restriction resulted in a decrease of plasma leptin concentrations in 
non pregnant rabbit does (Brecchia et al., 2006). Leptin concentrations are also affected by feed restriction 
during pregnancy. Leptin levels were higher in the control group than R1 and R3 groups, respectively on 
the day 14 (P<0.05) and 26 (P<0.05) of gestation (Figure 3). R1 group showed lower average leptin 
concentrations during pregnancy (P<0.001) which may explain the anabolic effect for compensatory 
weight gain. The trend of leptin levels during food restriction performed in different periods of pregnancy 
showed a reduction of its concentrations in parallel with the food deprivation. Control group showed high 
leptin levels during the first part of pregnancy followed by a peripartum reduction. This trend is similar to 
that found in other species (Amico et al., 1998; Block et al., 2001; McFadin et al., 2002; Ladyman et al., 
2008) in which hyperleptinemia is associated with hyperphagia and this paradox effect is called leptin 
resistance. In our study, feeding was controlled, we do not know if also in the rabbit, the hyperleptinenia is 
associated to hyperphagia as in other species. Thus, further studies are needed to evaluate the changes in 
leptin levels during pregnancy in rabbit does and if, as shown in other  species, the phenomenon of leptin 
resistance occurs. 
 
Figure 3: Leptin levels during pregnancy                           Figure 4: Milk production during pregnancy 
 
Results of the effects of feed restriction during different pregnancy periods on productive parameters are 
shown in Table 2. Feed restriction in early gestation (R1) did not affect does and litter performance, as 
reported also by other authors (Rommers et al., 2004b; Manal et al., 2010) while feed restriction during 
mid gestation (R2) affects negatively the litter weight at weaning (P<0.05) and pre-weaning mortality than 
the control group. Compared to the control, reduced feeding levels during the last third of pregnancy (R3) 
had significant effects on litter size (P<0.01), weight at kindling (P<0.05), born alive (P<0.01), litter weight 
at weaning (P<0.05), and perinatal and pre-weaning mortality. The reduction in litter size was due to 
abortion of two does in group R3. In analogy with these data, also the milk production of the R3 group was 
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significantly lower compared to control (P <0.05, Figure 4). Contrary to that reported in other species, there 
were no differences in the duration of pregnancy (Rossdale and Ousey, 2002).  
 
Table 2: Performance of rabbit does 
  C R1 R2 R3 
Durations of gestation d 31.1±0.9 31.3±0.5 30.6±1.0 30.6±0.9 
Litter size at kindling n 9.8±2.3 9.0±1.7 9.3±4.1 6.2±3.4** 
Born alive n 9.5±2.5 8.3±1.8 9.1±4.3 5.2±3.1** 
Litter weight at kindling g 401.9±122.8 472.1±109.0 425.7±147.7 347.5±55.2* 
Weight of individual kit g 42.2±14.6 57.0±7.9 46.6±14.3 66.8±4.1 
Perinatal mortality % 7.9 7.9 2.7* 16.1*** 
Litter size at weaninga n 7.4±2.0 6.4±1.1 6.6±2.5 5.5±1.7 
Litter weight at weaninga g 2890.0±574.7 2422.9±335.6 2095.7±446.0* 2204.8±292.9* 
Pre-weaning mortalitya % 16.9 17.6 27.0*** 26.7*** 
Weight of doe at weaning g 4200.7±446.9 3946.4±311.0 4132.5±199.4 4426.7±224.1 
Milk production g/d 145.9±47.6 134.7±34.8 135.8±41.8 123.2±44.4** 
Leptin during pregnancy ng/ml 2.3±0.7 1.3±0.4*** 1.7±0.9 1.8±0.6 
***P<0.001; **P<0.01; *P<0.05 significant difference from control group (C) 
a Calculating starting from the adjusted litter size. 
 
 
CONCLUSION 
 
Food restriction results in depletion of energy reserves but the effects of restricted feeding on 
pregnancy depend on the gestational period in which the privation occurs. As showed, the rabbit can 
quickly recover the weight lost, if the energy needs do not increase excessively, probably as a 
consequent of the anabolic effect due to the low concentrations of leptin. Thus, a food restriction in 
early pregnancy does not seem to determine significant differences in productivity, while a restriction 
in the last third of pregnancy, a critical period for energy homeostasis, induce a reduction of 
productive performance and an impaired milk production. The peculiar pattern of leptin in pregnancy 
and its relationship with body weight and fat reserves requires further study. 
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